in iran and the rest of the world, breast cancer (bC) is the most common malignancy in women. Familial history and age are significant risk factors for the development of this disease in iran. Most hereditary bCs are associated with inherited mutations in the BRCA1 and BRCA2 genes. Some recent studies demonstrated that BRCA1 mutations are seen in high-risk women with family histories of bC. in this report we investigated all BRCA1 exons from 40 female patients with family histories of bC and one bC twin, and report a novel mutation in this gene in one patient. As controls, BRCA1 exons from 100 normal women and the bC-free twin of the bC twin were also examined for this mutation. none of the women in the normal group harbored the mutation. Whether this variation is specific for the iranian population or for special subgroups remains to be determined.
breast cancer (bC) is the most frequent cancer (AriAd et al. 2011 ) and most pernicious form of malignancy among women (Anderson and JAkesz 2008) , accounting for 16% of cancer deaths worldwide (World HeAltH orgAnizAtion 2008) . it occurs most commonly in women of 40 to 50 years of age. it is a noxious disease that causes large numbers of deaths not only in developed countries such as the United kingdom, United States of America and Canada, but also in underdeveloped and developing countries (singH et al. 2011) .
Most bC cases are considered sporadic in nature because they are not associated with extensive family histories of bC. Familial bC, often seen in families with high incidences of bC, has been associated with a number of susceptibility genes (el-tAmer et al. 2004; BrekelmAns et al. 2006; CArroll et al. 2008; ellsWortH et al. 2010) . these genes can be roughly divided into 'high-risk' and 'low to moderate risk' bC susceptibility groups. the high-risk bC susceptibility genes that generally are more prevalent in younger versus older women include BRCA1, BRCA2, PTEN, TP53, LKB1/ STK11 and CDH1, while CHEK2, TGFb1, ASP8 and ATM belong to the 'low to moderate-risk' bC susceptibility group (oldenBurg et al. 2007; PAlACios et al. 2008) . of these genes, germline mutations in BRCA1 and BRCA2 are generally 'caretaker' genes that participate in dnA damage repair. Consequently, their inactivation allows other genetic defects to accumulate and leads to genetic instability (kinzler and Vogelstein. 1997; BreiVik 2005) .
BRCA1 is known to be a potential tumor suppressor gene, located on the long arm of chromosome 17q21, with a length of nearly 100 kb, consisting of 24 exons encoding 1863 amino acids (miki et al. 1994) . the product of exons 2, 3 and 5 constitutes a zinc finger motif, which may be necessary for the transcriptional activation of other genes. the middle part of the protein, encoded by exon 11, can interact with the rad51 molecule (the human counterpart of bacterial recA protein) (kiJimA et al. 1998) . Most hereditary bCs can be accounted for by inherited mutations in BRCA1 and BRCA2 (lynCH et al. 2008) . A new study demonstrated that BRCA1 is seen in high-risk women with family histories of breast cancer (kAmAl et al. 2011 (kAmAl et al. ). hereditas 151: 38-42 (2014 the incidence of specific mutations is strongly dependent on the study population and its ethnic and geographic origin (Peelen et al. 1997; BAlmAn et al. 2010) . the number of germline mutations identified within BRCA1 and BRCA2 is growing and most of them are unique to each high-risk family (FAttAHi et al. 2009 ). in iran, breast cancer is ranked first among malignancies among women (sAdJAdi et al. 2005; mousAVi et al. 2009 ), comprising 24.4% of all neoplasms (goyA 2007) with a crude incidence rate of 17.81 (mousAVi et al. 2009) .
in the present study we analyzed BRCA1 and report a novel mutation in this gene in iranian breast cancer patients.
MAteriAl And MethodS

Case selection
After genetic counseling of 200 families, the life time risk and the heterozygote risk were analyzed with Cyrillic 2.1 software. Women from 40 bC families with life time risks to 80% and heterozygote risks to 25% were analyzed in hot spot exons of BRCA1. in these 40 families, one woman with breast cancer had undergone two surgeries at 27 and 41 years of age ( Fig. 1) . Another patient was a monozygotic twin who had been diagnosed with bC at 24 years of age. her twin was bC free. our control group contained 100 families with no bC in three generations.
DNA isolation and mutation analysis
Genomic dnA was extracted from peripheral whole blood samples using standard protocols (Qiagen mini kit, catalogue no. 51304).
PCR
All BRCA1 exons were amplified by pCr using exon-specific primers. primers were designed using the mutation discovery system and the bCC-Consortium in Germany. pCr was performed in a 50 ml volume containing 2.5 mM of each dntp, 1 U of taq dnA polymerase (Genetbio), 2.5 ml of 10  pCr buffer, 0.5 mM of each primer, and 50 ng of genomic dnA.
Direct sequencing
dnA was sequenced with both forward and reverse primers. Sequencing was performed according to the standard protocol provided with the bigdye terminator kit ® v 1.1 (Abi 3700 Genetic analyzer). the reaction products were purified with the Qiagen dyeex ® spin kit. the data was analysed with SeqScape 2.5 software (Applied biosystems). the sequence data obtained was compared with the nCbi/Genbank data base using blASt and with our own data base using bioedit and Mega. but studies in iran have generally indicated that these three mutations are less frequent in iranian bC patients than in patients from other areas (meHdiPour et al. 2006 , FAttAHi et al. 2009 ).
breast cancer patients in iran are generally young, and the findings suggest that family histories of bC, and marital status, are risk factors (PHAroAH et al. 1997) ; however, few studies concerning BRCA1 and BRCA2 alterations in the iranian population have been published (yAssAee et al. 2002 , PietsCHmAnn et al. 2005 , kesHAVArzi et al. 2011 .
in this study, all BRCA1 exons from iranian highrisk breast cancer woman of non-Jewish origin were analyzed. Many polymorphisms from the entire BRCA1 gene have been identified, and one putative novel mutation was detected. the novel mutation was a missense mutation and previously unclassified variant (Uv). the impact of limited changes with missense substitutions or in-frame exon deletions is often not clear, and presents a challenge in the clinical setting. Approximately 30% of BRCA1 and 60% of BRCA2 variants are labeled as unclassified variants (Uvs) (national human Genome research institute). We studied this novel mutation in 100 women with no family history of bC for three generations, and women from 40 families at high risk for breast cancer (life-time risk to 80% and heterozygote risk to 25%). the novel BRCA1 mutation was not found in any normal women. pathologic information for patient who had two tumors at ages 27 and 41 (patient 1) and the twin who had a tumor at age 24 (patient 2) is presented in table 1. the tumor characteristics were different between the two patients. We examined the twin patient reSUltS We performed pCr on 22 BRCA1 exons (2, 3, 5, 6, 7, 8, 9, 10b, 11A, 11b, 11C, 11d, 11e, 11F, 11G, 11h, 11i, 11J, 11k, 11l, 11M, 12, 13, 14, 15, 16a, 17, 18a, 19, 20, 21, 22, 23 and 24 ) from patients and healthy women. We found some polymorphisms and a novel mutation in exon 11F of BRCA1. dnA samples from 100 control and 40 women from high-risk breast cancer families and one twin pair were analyzed for the novel mutation on exon 11F (c.2286 t  A or p.Arg762Ser) by direct sequencing (Fig. 2) . the results confirmed that the novel mutation was not present in the control families or bC-free twin. diSCUSSion breast cancer is the most prevalent and pernicious malignancy among women (PArkin et al. 2005) . According to a report of the iranian Ministry of health and Medical education (goyA 2007), bC has become the most general primary female cancer in iranian women. Although the incidence of this cancer is relatively low compared with western countries (23.65 per 100 000 in iran vs 140.8 per 100 000 Caucasian women in the United States), the number of patients with newly-diagnosed bC is increasing (HArirCHi et al. 2011) .
Molecular diagnostics for families with hereditary bC is a rapidly evolving field. the breast Cancer information Core (biC) database demonstrated that three founder mutations, 185delAG and 5382insC in BRCA1 and 6174delt in BRCA2, have been observed in different populations, especially in Ashkenazi Jewish patients. gene expression in breast cancer in relation to other prognostic markers in egyptian women. -Anatol. J. obstetrics Gynecol. 1: 1 keshavarzi, F., eskafi, n., Ayoubyan, h. et al. 2011 . Sequence variants of brCA1 and brCA2 genes in four iranian families with breast and ovarian cancer. ̶-iranian J. public health, vol. 40, no. 2. kijima, G., Murakami,Y., ohuchi, n. et al. 1998 . non-sense mutation at codon 63 of the brCA1 gene in Japanese breast cancer patients. -Jpn J. Cancer res. 89: 837-841. kinzler, k. W. and vogelstein, b. 1997. Cancer-susceptibility genes. Gatekeepers and caretakers. -nature 386: 761-763. lynch, h. t., Silva, e., Snyder, C. et al. 2008. hereditary breast cancer. part i. diagnosing hereditary breast cancer syndromes. -breast J. 14: 3-13. Mehdipour, p., hosseini-Asl, S., Savabi-e, A. et al. 2006. low frequency of 185delAG founder mutation of brCA1 gene in iranian breast cancer patients. -̶J. Cancer Molecules 2: 123-127. Miki, Y., Swensen, J., Shattuck-eidens, d. et al. 1994 and 39 subjects from the high-risk families, but the mutation was not detected in them. therefore this novel mutation can be a new unclassified variant in iran. this amino acid sequence (c.2286 t  A or p.Arg762Ser) that was changed is not described in brCA1 at this time. We predict that this missense mutation may affect the secondary structure of the protein. We analyzed the character of this mutation with regard to pathogenicity with the polyphen-2 prediction of functional effects of human ns Snps software. this mutation is predicted to be damaging with a score of 0.588 (sensitivity: 0.81; specificity: 0.83). in summary, one pathogenic and novel mutation in the BRCA1 has been detected in this study. Whether this mutation is specific for the iranian population or for special subgroups remains to be determined.
GenBank accession numbers
these sequence variant have already been submitted to Genbank: accession number bankit1473921 Jn686490. 
